ABSTRACT. Objective. To determine coverage of the newborn screening program (NSP) for metabolic disease in Alberta, Canada, and to determine reasons for not being screened.
S
ince the introduction of the Guthrie test, 1 screening of newborns has become an effective method to detect certain metabolic diseases. Disorders commonly screened for include congenital hypothyroidism and phenylketonuria (PKU), but some programs include other disorders. 2 These diseases are rare, present at birth, hard to detect clinically in the newborn, and can impair the health and mental development of the child permanently if not diagnosed and treated promptly. Where newborn screening programs (NSPs) exist, it is commonly recommended that all newborns undergo screening at between 1 and 7 days of age. [3] [4] [5] A primary concern in NSPs is the completeness of coverage; ie, are all newborns screened? This usually is estimated by comparing the number of unique screen samples analyzed with the number of births registered for the same time period and region. Rarely is a formal link made between the two, and even more rarely is any attempt made to determine which children are not screened.
In Alberta, Canada, all newborns, ϳ42 000 per year, are screened for PKU, congenital hypothyroidism, biotinidase deficiency, and tyrosinemia. The program is part of the Alberta Hereditary Diseases Program and is carried out by the Department of Laboratory Medicine and Pathology of the Walter Mackenzie Health Sciences Centre in Edmonton, Alberta. Although coverage is estimated to be close to 100%, it has never been evaluated formally.
This project had three objectives: 1) to determine the number of infants born alive in Alberta in 1992 who had blood obtained for newborn screening; 2) to define the characteristics of those infants who were not screened or who could not be identified with confidence as being screened; and 3) to determine the degree to which screened infants with results requiring follow-up were followed up appropriately and a final disposition made. This article addresses the first two objectives.
SUBJECTS AND METHODS
Data came from two sources: 1) the Government of Alberta Register of live births, and 2) the Newborn Screening Program of the Alberta Hereditary Diseases Program. Ethics approval for the project was obtained from the ethics committee of the University of Alberta Faculty of Medicine.
Coverage was estimated by deterministic matching of all registered live births in Alberta in 1992 with screening program data to determine the number of infants screened. Infants remaining not matched (NM) were considered to be unscreened. The demographic and biological characteristics of the unscreened infants were compared with screened infants. Variables used in the analysis were those available from the two datasets plus variables derived from the datasets. Table 1 shows the variables available from each of the datasets.
Data preparation consisted of 1) abstracting, cleaning, and verifying the screening data from laboratory files for the period from January 1, 1992, to January 31, 1993 into a working screen file; 2) obtaining from Alberta Registries the birth data file for all live births in Alberta in 1992 and a file for all infants born in 1992 who died in the first year of life and preparing these data for merging with the screen file; 3) estimating a birth date for the screen record based on the date of the report and infant age at that time; and 4) merging the screen file and birth file to make a file suitable for analysis (Fig 1) .
Data were stored in Paradox 6 and Reflex 7 databases and were analyzed using SPSS. 8 Matching was performed with an iterative series of SPSS MATCH procedures and also by visual matching of screen and birth records. Except as noted below, matching was deterministic and based on the last name of infant and mother, sex, date, hospital and community of birth, and normal residence of the infant. In general, for matching purposes the place where blood was obtained was considered to be the place of birth, and the estimated date of birth on the screen record was compared with the registered date of birth. Because a child may take the mother's last (maiden) name or it may have a hyphenated name, visual matching was attempted as the last stage of the matching procedure.
Each matched record was assigned a level of confidence reflecting one author's (D.W.S.) subjective estimate of the quality of the match for that record. An infant had very good match (GM) status if confidence in the match was high and had a possible match (PM) status if confidence was low. The PM infants were chosen using the criteria that the birth record child had to have a birth a For matching purposes, date of birth used estimated date for the screen file and registered date for the birth file. b Birth site was considered equivalent to blood source site for matching purposes. In a city, the birth site and blood source site could be one of several hospitals; smaller communities had only one hospital.
Fig 1.
Screen data were abstracted from laboratory archive files and, after cleaning and editing to make a file suitable for linking, were linked to vital statistics data provided by Alberta Registries using deterministic criteria. Records matched using these criteria were considered GM. After all possible records had been deterministically matched, records were matched using less stringent criteria. These records were considered PM. The remaining vital statistics data were NM and thus considered to be unscreened. date closest to but before the estimated birth date of an existing unmatched screen result; had to be alive on the date the blood was recorded as obtained; and had to be from the same community, the next nearest community, or the most likely referral community as the existing unmatched screen result. Cases in which the criteria were equally met by more than one match were assigned a match at random. The children remaining in the birth file after all the screen records had been matched were considered NM; thus there were three categories of infants: GM, PM, and NM.
On completion of matching, unique personal identifiers were deleted and the age when blood was obtained was calculated, using date of birth from the birth certificate, and date of sample from the screen record. The variable native was created by considering that infants with homes on native reserves were very likely of native origin.
Statistical Analysis
The GM and PM groups were combined to obtain an estimate of coverage only. For much of the remaining analysis, the PM group was not included. Descriptive summary statistics were obtained for all variables. The statistical significance of analysis of categorical data was assessed using contingency table analysis and 2 statistics, and of continuous data using analysis of variance with post hoc comparisons using Scheffé's procedure with a probability criterion of P Ͻ .05.
The variables birth weight and maternal age also were divided into categories for use in contingency table analysis. Birth weight was divided into Ͻ1.5 kg, 1.5 to 2.5 kg, and Ͼ2.5 kg categories, and maternal age was divided into Ͻ20 years, 20 to 35 years, and Ͼ35 years categories.
The choice of variables to explore as determinants of nonmatching was based on availability of data, clinical intuition, and the results of Streetly. 9 After initial exploration comparing single variables with match status, logistic regression was used to account for several factors simultaneously, using matching status (GM vs NM) as the dependent variable. Those variables significantly associated with match status in the exploratory analysis were included as independent variables.
RESULTS
Data were available for 43 155 screen records: 41 553 were initial screen results, and 1602 were repeat screen results from 1485 infants. Of the 42 392 live births registered, 40 593 were GM infants, 960 were PM, and 839 were NM. The sum of GM and PM infants (41 553) is the best estimate of coverage and is 98.0% of the eligible population. Almost 75% of all infants were born to married women, 22% were born to women who had never married, and the remaining 3% were born to women who were divorced, widowed, separated, or whose marital status was unknown. For analytic purposes, the mothers in these last four groups were combined to form one category called formerly married. For 1554 infants (3.7%), the probability of native status was high. Of the 167 infants who died in the first week of life, 13 were GM, 14 were PM, and 140 were NM infants.
Two communities, each with Ͼ13 000 births per year, accounted for 63% of all births. Communities with between 100 and 1000 births per year accounted for ϳ24% of births, and smaller communities accounted for the remainder. There were 226 infants who were born out of hospital (OOH); these were considered home births. A large proportion of infants were born in communities different from their home community.
Data describing the GM, PM, and NM groups are shown in Table 2 . Compared with the GM group, NM infants more often died in infancy, were of low birth weight, and were born after a shorter gestation.
Nearly 5.4% of NM infants were born OOH, compared with only 0.4% of GM infants. Only 167 (73.9%) of the 226 infants born OOH were matched. As well, NM infants were slightly more likely than were GM infants to have come from a community with a high native population and were more likely to live in a community different from the community or administrative health region in which they were born (data not shown).
Overall, 6.2% of infants had a birth weight Ͻ2500 g, and 1.2% had a birth weight Ͻ1500 g. However, 32.1% in the NM group and 14.9% in the PM group were Ͻ2500 g, but only 5.5% of the GM group was Ͻ2500 g. For infants with a birth weight Ͻ1500 g, the differences between the NM and GM groups were even more striking (18.6% vs 0.7%). Because so many NM infants died in the perinatal period, birth weights excluding deaths in the first week of life were compared. With first-week deaths excluded, infants Ͻ2500 g constituted 24.2% of NM infants compared with 5.5% for the GM group.
Only 50.8% of NM infants had married mothers, compared with 76.0% of GM infants. The infants of formerly married mothers were much more likely to be NM than were those whose mothers marital status was recorded as single. Of the 839 women in the NM group, 14.5% were younger than 21 years, compared with 9.1% of the GM group. Older mothers were generally evenly distributed between the two groups (9.4% and 8%, respectively). Table 3 summarizes data describing the relationship of match status to maternal age, birth weight, and marital status. Data for infants whose birth weight was missing are excluded. Except for the formerly married, younger than 21-year group, of whom there were only 20 cases, matching was most likely to occur among infants with a birth weight Ͼ2500 g born to married mothers 21 to 35 years of age. At every age, as birth weight rises, the proportion of infants matched also rises. The proportion of GM infants rises also as marital status changes from Initial exploration of the data using logistic regression eliminated the variables describing probability of native status, maternal age, and mobility as important determinants of match status. Variables included in the final regression were death in week 1, birth weight (three categories), marital status (three categories), and birth OOH. The results of this regression are generally consistent with the stratified analysis performed previously (Table 4 ) but demonstrate the independent effects of the significant variables.
In summary, 98% of infants were screened; however, 839 infants were not screened. Those at greater risk of not being screened were those born OOH, of low birth weight, to unmarried or formerly married mothers, or dying in the perinatal period.
DISCUSSION

Data Quality
The credibility of this study rests on the assumption that all initial screen records were obtained; that the match was complete and accurate; and that all repeat samples were detected, recorded as such, and eliminated from estimates of coverage. All the screening data were on archive data tapes of the clinical laboratories of the Walter Mackenzie Health Sciences Centre of the University of Alberta. Data abstraction was exhaustive and involved at least four separate scans of the screening data files. The quality and accuracy of the birth data were assumed to be very high, because they were obtained from vital statistics data provided by the Government of Alberta.
Because both the computer and visual match processes were based on specific identifiers such as last name and date and place of birth, it is likely that the accuracy of the match is high. With the assignment to each record of a level of confidence of a match, the subsequent analysis, which is based primarily on records with strong confidence of a very good match, is conservative in its conclusions.
A sample was considered a repeat sample if it was labeled as such or if records with equivalent identifiers were found during data preparation or matching. The method of matching for repeat analyses was almost always a visual match. The search for repeat analyses ended after finding the first repeat, although on occasion several sequential analyses were found for an infant.
Program Performance
Guidelines have been developed by various agencies that describe the institution and management of an NSP. [3] [4] [5] Although these guidelines differ in specifics, they all emphasize the concepts of 1) centralization; 2) rigorous coverage of all infants at an age Ͼ24 hours and Ͻ7 days; 3) the use of accepted screening tests for the respective metabolic diseases; 4) a clear line of responsibility for transmission of all screen results to the physician or hospital identified as the sender; 5) a more direct and immediate method of informing physicians of abnormal results; 6) follow-up of suspect results until a diagnosis is made and definitive therapy is instituted; 7) some form of ongoing evaluation, usually participation in national or international quality control programs that allow an assessment of sample processing; and, 8) keeping accurate records. Estimates of coverage vary among countries and over time, but in established programs coverage often approaches 100%. 10 -13 In the United States, coverage for 1992 varied from ϳ76% for Nevada to 100% for several other states. However, Puerto Rico, a US trust territory, screened only 8% of its newborn population. 2 Although acceptable for administrative purposes, most estimates of coverage are crude, commonly comparing only total unique screens and total births for the same area and time. With this method, it was estimated that in 1992, 98.3% of infants in Alberta were screened. This study extended the usual estimate of coverage by linking screen records with birth data and determining actual coverage and showed that 98.0% of children were screened at least once. This is in good agreement. However, the relatively low value of 2% nonscreened infants represents 839 infants. It is possible that some of these infants were born in Alberta but moved out of province before being screened; however, this situation was determined in only 27 infants. This does not include an additional 531 infants who were first screened only after 7 days of age, nor does it include 47 infants who had inadequate or unsatisfactory samples but who did not undergo repeat screening (data not shown). The figure of 98% is less than that of 99.1% reported recently by Gray and colleagues, 14 who matched birth and screen records for 8751 consecutive births at two large hospitals for part of 1993. However, the data reported here reflect all infants born in one province for 1 year.
Total coverage remains a goal of all NSPs. In Alberta, with 43 000 births year and screen coverage of 98%, on average about once every 5 years, a child with congenital hypothyroidism (incidence, 1:4000) 15 will be missed because of a failure to screen. Apart from the personal tragedy that these missed cases represent, they also constitute a significant legal concern. In the United States, up to 1986, of 76 missed cases, 29% resulted in legal action, and settlements ranged from $1 million to $20 million. 16 
Who Got Missed
A strength of this report is the description of the characteristics of infants who were not screened. The results obtained agree in part with those of Streetly et al, 9 who suggested that infants in special care units, infants born in one area but normally lived in another, and infants of high-risk ethnic groups also were more likely to be missed. Gray 14 also reported that low birth weight infants were at particular risk of being missed. Although the current data verify that low birth weight infants are at significant risk of being missed, they extend these findings to show that risk of being missed is also associated with single parenthood, home birth, and death in the first week of life. Our results differ from Streetly in that neither mobility nor ethnic (native) status was independently associated with being missed. This may be in part attributable to our inability to identify accurately ethnic status or mobility.
A current concern regarding nonscreening is the practice of discharge from hospital before 24 hours of age. Gray 14 showed that infants discharged before 24 hours were 25 times more likely not to be screened than those discharged after 24 hours. We cannot determine with accuracy which children were discharged before 24 hours and who were not screened, thus, we cannot comment about this specific, and important, concern.
Death in week 1 of life is the strongest predictor of nonscreening, with 140 of 167 deaths by age 7 days in the NM group. Because most deaths occurred in the first day of life, this finding is not surprising, although it could be argued that even very sick infants should be screened. The logistic regression showed that independent of death in week 1, very low birth weight infants (Ͻ1500 g) and infants with birth weight between 1500 and 2500 g were 19 times and 3 times, respectively, less likely to be screened compared with infants with birth weights Ͼ2500 g. No specific reason for this observation is apparent; however, the problem of small preterm babies being missed requires resolution.
Although fewer in absolute number, infants born OOH also were at great risk of not being screened. Of the 226 infants born OOH, 58 were not screened, resulting in a nonscreen rate 19 times that for children born in hospital. Many of those screened were Ͼ7 days of age (data not shown), potentially prolonging the time to diagnosis and treatment.
Finally, infants of formerly married mothers or of mothers whose marital status was unknown also were at high risk of not being screened. Infants of single mothers were at lesser risk, and infants of mothers who were married were at least risk.
An unexpected result is the marked difference in the odds ratios (ORs) for being NM for infants of mothers with formerly married marital status (OR: 12.9) compared with infants of single mothers (OR: 2.7). It seems reasonable that infants of mothers in these two groups might have a greater frequency of being NM than do infants of married mothers, but it is not obvious why infants of formerly married mothers are at such increased risk. A possible reason is confusion in surnames of the infants as recorded when screened and on the birth registration form. Although visual matching was performed as part of the matching procedure and every effort was made to detect alternate names, it is possible that some were missed.
CONCLUSION
Some children with disease will be missed in screening programs. This may be attributable to the vagaries of the disease or because the screening tests are not perfect. 17 However, the primary determinants of an affected child not being detected are that the child was never screened; the blood sample obtained was misinterpreted, unsatisfactory, or obtained too early in the child's life; or follow-up for repeat blood analysis was incomplete. 18 -20 This report has addressed the first reason. Of the 781 infants not matched and for whom all the data in Table 4 were available, 609 had one or more risk factors as deter- Infants requiring repeat analyses were determined from notes made on the screening report. Characteristics of infants needing repeat screening, and obtaining a repeat screen results, were determined by logistic regression using variables from the birth registry and the screening record.
Results. A total of 1375 infants required repeat screening. Infants with unsatisfactory samples were more likely to be born in a smaller community, of low birth weight, and to have the sample obtained after 7 days of age. Infants with biologically suspect results were more likely to be of low birth weight, to die in week 1 of life, and to be born in a large hospital. Repeat analyses were found for 663 infants. Boys, infants from smaller communities, and low birth weight infants were more likely to have the required repeat screening. Infants of single mothers were less likely to undergo repeat screening.
Conclusions. The results of this study demonstrate the need for a clear, time-oriented protocol of follow-up of newborn metabolic screening results. Pediatrics 1998;102(2). URL: http://www.pediatrics.org/cgi/content/full/102/2/e21; neonatal screening; metabolism, inborn errors; phenylketonuria; congenital hypothyroidism; infant, newborn. S creening of newborns between 1 and 7 days of age detects certain metabolic diseases such as congenital hypothyroidism and phenylketonuria (PKU), which can impair the health and mental development of the child permanently if not diagnosed and treated promptly. 1 Newborn screening in Alberta, Canada, started in 1967 and is administered through the Department of Laboratory Medicine of the Walter Mackenzie Health Sciences Centre (WMC) in Edmonton, Alberta. Infants are screened for congenital hypothyroidism, PKU, biotinidase deficiency, and tyrosinemia.
A companion publication 2 addressed the issue of coverage of the Alberta program in 1992 and described the characteristics of children who were never screened. It showed that of the 42 392 infants born alive in Alberta in 1992, 40 593 were good matches (GM), 960 were possible matches (PM), and 839 infants were not matched (NM) and thus not screened. Factors found to be related independently to absence of screening were death in week 1 of life, low birth weight, birth out of hospital, and birth to a mother who was single or formerly married. This article addresses the timing of the initial screen, the reasons for follow-up testing, and the adequacy of follow-up of suspect results.
SUBJECTS AND METHODS
Normal Screening Protocol
Although guidelines exist for the provincial institution and management of a newborn screening program (NSP), [3] [4] [5] the current program lacks a well-defined protocol that ensures that all children will be screened and suspect results followed to resolution. In 1992 the Alberta program screened infants between 24 hours and 7 days of age. Infants screened before 24 hours underwent repeat analysis, preferably before 7 days of age. All samples were analyzed at the WMC. Normal results were mailed to physicians. Abnormal results usually were conveyed to the physician by telephone, with a request for a repeat sample. Atypical or less significant abnormal results were mailed to the physician with a request for a repeat sample. The names of infants needing repeat samples were logged and the name checked off when the repeat sample was obtained. The repeat log was, and is, a static document in that there was no time frame after which a reminder was sent to the physician to obtain a repeat sample.
All repeat analyses for PKU, biotinidase deficiency, or elevated tyrosine were performed at the WMC laboratory or at the Biochemical Genetics Laboratory at the Alberta Children's Hospital (ACH) in Calgary, Alberta. Repeat thyroid function tests were performed either as a repeat newborn screen or by serum analysis at a private laboratory. In the latter event, the screening program was not necessarily notified of the result. When samples analyzed at the ACH were identified as repeats or when an abnormal phenylalanine, biotinidase, or tyrosine result was obtained, a copy of the result was sent to the WMC. If the sample was not identified as a repeat and not otherwise identified as a newborn screen, no report would be sent to the WMC.
Data Preparation and Matching
Details of data preparation and the matching process have been reported. 2 An infant required repeat analysis if 1) the first sample was obtained before the infant was 24 hours of age, 2) it was an unsatisfactory specimen, or c) there was an abnormal result. The physician was requested to obtain a repeat specimen. Records were identified as a repeat if they were labeled as a repeat or if multiple records were found with matching personal identifiers. Repeat records were linked by a unique identifying number to the initial record and by the temporal sequence of sampling determined. The search for repeat records stopped after finding the first repeat, although sometimes several repeats were found for an infant. For infants needing follow-up, the primary data were those of the NSP. Vital statistics data from the Government of Alberta were used to describe demographic characteristics of the infants.
Statistical Analysis
Analysis was limited to the GM group. Data for the NM group are not applicable, and characteristics of the PM infants are unreliable. Summary statistics were obtained relating to time when blood samples were taken and number and type of results needing repeat analysis. Characteristics of infants requiring a repeat specimen and the way these characteristics varied with the reason for a repeat were compared with GM infants with normal results. Characteristics of infants who did not have a requested repeat screen obtained were compared with infants who did have a requested repeat screen. The statistical significance of categorical data was assessed using contingency table analysis and 2 statistics, and of continuous data using analysis of variance with post hoc comparisons using Scheffé's procedure and a probability criterion of P Ͻ .05. Birth weight and maternal age were stratified for use in contingency table analysis. After initial exploration of the data, logistic regression was used to control for several factors simultaneously, using need for repeat analysis versus no need as one dependent variable and repeat analysis done versus no repeat done as another dependent variable. The statistical packages SPSS 6 and STATA 7 were used for the analysis.
RESULTS
There were 43 155 records of screen data; 43 125 from the WMC and 30 from ACH. Of these, 1602 were repeat records from 1485 infants; however, 850 records were for infants for whom repeat analysis was not requested. A repeat sample was required for 1375 GM infants. The reasons for repeat screens are outlined in Table 1 . Characteristics of infants needing repeat sampling varied with the reason for the repeat sample and are summarized in Table 2 .
Logistic regression analysis of these data show that infants with nonsufficient or unsatisfactory specimens (NSQ/US) were more likely to be native, born in a smaller community, and of low birth weight; to have a mother who was formerly married; or to have the first sample taken after 7 days of age (Table 3) . Infants with samples taken at Ͻ24 hours of age were more likely to be boys and of low birth weight. Infants with biologically suspect results were more likely to be of low birth weight, native, die in the first week of life, or to have been born in a hospital with Ͼ2000 births per year. Blood samples were taken before 24 hours of age from 235 infants. Among these infants, 17 abnormal biochemical results, representing 7.2% of the records, were obtained. This figure is 2.5 times the proportion of abnormal results seen in infants first sampled after 24 hours of age. A high thyroid stimulating hormone (TSH) level was the most common abnormality; it was 30 times more common than that found among infants whose blood was taken after 24 hours.
Infants Obtaining the Requested Repeat
Repeat samples were found for only 663 of the 1375 GM infants requiring a repeat screen. Infants with birth weight Ͻ1500 g were more likely to have a repeat sample than were infants Ͼ2500 g (odds ratio [OR]: 3.11) ( Table 4) . Infants of single mothers were less likely than those of married mothers to get the necessary repeat specimen (OR: 0.64). Boys were more likely than girls to get the required repeat specimen (OR: 1.39), and infants born in communities where there were fewer than one birth per day were more likely to undergo the required repeat screen than were infants born in communities having more than 10 births per day (OR: 1.59).
The average age at repeat was 27.2 Ϯ 22.4 (mean, SD) days, with a maximum of 270 days; 65% of the samples were obtained by 30 days of age (data not shown). All infants with high phenylalanine levels on initial screen underwent repeat screen at a mean age of 11.6 days and a maximum age of 23 days. Two had phenylketonuria and six had hyperphenylalaninemia. One child with hyperphenylalaninemia had two repeat samples obtained. Both results were abnormal, but the child was then lost to follow-up until tracked down to resolve inquiries related to this project. Review of the case shows that the child probably had a benign variant of hyperphenylalaninemia. Biotinidase activity was reported initially as decreased in 72 infants. For 39 infants, repeat samples were obtained at an average age of 34.7 Ϯ 18.6 days (range, 3 to 92 days). One infant was diagnosed with biotinidase deficiency.
For 713 GM infants, initial screens found high tyrosine levels. A repeat sample obtained after 1 month of age was requested, but only 315 (44.2%) repeat samples were found. The average age at repeat analysis was 34.5 Ϯ 21.3 days (range, 2 to 236 days). Among the repeat screens, 14 samples showed a high tyrosine level; of these, 8 were repeated and found to be normal. A high tyrosine level often is seen in premature infants and, in this study, 163 (22.8%) of the GM infants with a high tyrosine level had birth weights Ͻ2500 g, whereas only 5.5% of all GM infants weighed Ͻ2500 g.
Initial TSH values were Ͼ25 mIU/L in 59 infants tested after 24 hours of age. Ten of 11 infants with a TSH Ͼ50 mIU/L were retested, some by private laboratories, and hypothyroidism was found in all.
No record of repeat analysis was found for the 11th infant. Repeat analysis was found for only 12 of 47 infants whose TSH level was between 25 and 50 mIU/L.
There were 142 NSQ/US samples, of which 92 were rescreened at a mean infant age of 25.0 Ϯ 28.6 days (range, 2 to 270 days). Relatively more of the NSQ/US samples came from centers where there was less than one birth a day or where the child was born out of hospital (probably a home birth).
In 235 instances, blood was obtained before 24 hours of age; however, only 109 had repeat analysis, after a mean interval of 9.1 Ϯ 13.8 days (range, 1 to 91 days; median, 3 days). Of these 109 repeat screens, 7 showed abnormal results, and none of these have a record of additional repeat screening.
Infants Having a Repeat Sample That Was Not Indicated
For 884 infants, a repeat sample was obtained although the initial sample was normal. Among these 884, which were obtained at an average age of 20.5 days (median, 7 days), 33 had abnormal or NSQ/US results. Analysis of the data (not shown) suggests that these samples were taken from children who had neonatal problems. Nearly 28% had a birth weight Ͻ2500 g, but only 5% of GM children with no repeat had a birth weight Ͻ2500 g. These children may have been graduates of a newborn ICU who receive a second screen routinely before discharge.
DISCUSSION
One objective of this study was to determine the degree to which infants who underwent repeat screening were followed appropriately until a final disposition could be made. Consistent with newborn screening guidelines, the assumption made in this report is that a newborn with an initial abnormal screen result, an unsatisfactory sample, or a sample obtained before 24 hours requires a repeat sample. The speed and completeness of this process reflect the effectiveness of the entire NSP because these children are at greatest risk for metabolic disease. In our analysis, repeat samples were detected as such because they were labeled repeat or because records with equivalent identifiers were found during the editing, visual-matching, or computer-matching procedures. Although some records considered repeats could have been initial records, this is unlikely because the method of matching for repeat screens was always deterministic and almost always verified visually.
Some repeat samples may have been missed because they were not labeled as neonatal screens, but were requested specifically for phenylalanine, tyrosine, or biotinidase measures. This seems unlikely because these determinations are performed by only two laboratories in the province, and the files of both laboratories were searched specifically for all test terms that would report these values. A repeat thyroid screen may have been missed when a serum sample was analyzed at a private laboratory.
Follow-up of repeat screens is an area in which the NSP did not function well. Only 48% of the infants who required it actually underwent repeat analysis. Most of these were infants who had a high tyrosine level. All infants with high phenylalanine had repeat samples, but only 10 of 11 infants with a TSH value of Ͼ50 mIU/L and only 12 of 47 infants with a TSH value between 25 and 50 mIU/L were known to have had a repeat analysis. Finally, among those infants who did have the required repeat analysis, the analysis was often obtained after 30 days of age, diminishing the potential benefits of early intervention.
Ensuring that required follow-up samples are obtained is a common problem among all newborn screening systems. In the United States, the Council of Regional Networks for Genetic Services, National Newborn Screening Report, 1992, reported that 3.4% of abnormal phenylalanine results and 1.7% of abnormal thyroid function test results were lost to follow-up. 1 Data are not directly comparable with Alberta because of different diagnostic criteria, but given the very small sample, the Alberta data for these two disorders appear to be comparable. Ms J. Tuerck of the Oregon Screening Program and a member of the Maternal and Child Health Select Panel on Newborn Screening Systems, which has evaluated 14 states in the United States noted that "follow up problems seem to be common to all the states . . . follow up which works best seem to be those [sic] who have a designated person(s) at the program manager level, use medical consultants for infants with significant abnormal results, have written protocols which are followed and evaluated on a regular basis, and who have close effective communication with other parts of the program (lab and practitioners) and with other state or provincial programs" (J. Tuerck, April 11, 1996 , personal communication).
Several explanations may account for Alberta's poor performance. There is no clear, time-oriented protocol to handle follow-up requests, and there are no personnel dedicated to this specific task. Although serious metabolic disease is being detected and clearly abnormal results are communicated by telephone to the physician, follow up is not well structured and the possibility of a "missed repeat and affected child" is real.
Repeat screens are not always labeled as such and thus may not be identified if patient demographics do not match the initial screen. Physicians may be unaware of what is good practice. For example, Sinai 8 documented that many infants who were discharged by 24 hours of age did not undergo repeat analysis for PKU, apparently because pediatricians and other physicians were unaware of the guidelines for newborn screening and thus for the need to obtain repeat analysis. Some physicians, on reading the message in the screening report "suggest clinical follow-up and serum thyroid function tests" or "suggest repeat screen in about 1 month or sooner if clinically indicated", may assume that if they think it is not clinically indicated, the screening need not be repeated. Unfortunately, these diseases cannot be excluded reliably on the basis of clinical impression only; nondisease requires laboratory verification.
Finally, analysis of some thyroid function samples could have been repeated in a private laboratory and no record of repeat analysis would be reported to the screening program. This is illustrated by the fact that the screening program had repeat records for only 24.1% of infants with high TSH values, whereas 37.3% of infants with high TSH values were known to have undergone repeat analysis.
In 142 cases, the sample was inadequate or unsatisfactory. Only 46.4% of these were repeated. Among the repeat analyses, there were several abnormal results that required additional verification. Where data are available, all eventually showed normal values. The higher rates of poor-quality samples from smaller centers may reflect inexperience on the part of personnel obtaining the sample. Very low birth weight infants were more likely than term infants to have NSQ/US samples.
A raised tyrosine level was the most common abnormal screen result, seen in 1.8% of those screened after 24 hours of age. Although the most common cause of a raised tyrosine level is transient tyrosinemia attributable to immaturity of the enzyme involved in its metabolism, tyrosinemia may have long-term effects for this small subset of infants.
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CONCLUSION
Among other requirements, an effective screening program must test all eligible subjects, ensure rapid follow-up and verification of suspect results, and promptly provide and institute definitive therapy. 10 Our earlier report showed that 98% of infants in Alberta were screened in 1992 and described the characteristics of nonscreened infants. This report evaluates further other aspects of the performance of 
